Tectonic evolution of east-dipping subduction zone in Caribbean
Late Cretaceous plume-induced subduction initiation along the southern margin of the Caribbean:
Insights from numerical modeling
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In Short
• Numerical modeling of plume-induced subduction
initiation
• Investigation of factors controlling the formation of
one-sided subduction zone
• Study of different scenarios for initiation of the eastdipping subduction zone in Caribbean
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consists of an oceanic plateau lithosphere, asthenosphere and a spherical plume (Fig. 2a). Results of
our reference model (Fig. 2b) shows that interaction
of a buoyant plume with thick plateau results in formation of a new plateau atop of older one. Model
results of an experiment with older lithosphere shows
formation of a retreating subduction(Fig. 2c). We
also ran some models in which the plateau is considered to be under extensional regimes. Results of
these models show that extension eases subduction
initiation (Fig. 2d).
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Figure 2: Pilot numerical experiments of plateau lithospheremantle plume interaction. (a) Initial model set-up. The upper
panel of (a) shows initial temperature field (color bar is shown at
the left-top of figure) and the lower panel shows the composition of
different layers of model. Different colors stand for different layers
in the model, as indicated in the bottom of figure. (b) Results
of reference model. (c) Results of a model with older oceanic
lithosphere. (d) Results of a model in which the lithosphere is
under extensional regime. The upper and lower panels of (b)-(d)
show viscosity field of lithosphere and compositional field of a
cross-section cutting through the middle of model, respectively.
The color bar at the right-top of the figure indicates the viscosity
field in (b)-(d).
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result of rapid trench roll-back. This led to a large
scale extension of overriding plate. Arrival of plume
in the back arc of Greater Antilles Arc resulted in Project Partners
formation of Caribbean plateau and initiation of a T. Gerya, Department of Earth Sciences, Institut für
new subduction zone in the SW. As a part of this Geophysik, ETH, Zürich
project, we will study whether the strong upper plate
extension and the presence of subduction in the
NE margin deflected the plume or not. To establish
3-D thermo-mechanical models, we use I3ELVIS
code, which is based on a combination of a finitedifference method, applied on a staggered Eulerian
grid, and a marker-in-cell technique. Our modeling work consists of four parts: numerical models
of interaction of a mantle plume with plateau lithosphere, modeling of arrival of a mantle plume below
a plateau lithosphere under extension, models of
mantle plume-lithosphere interaction in front of an
active retreating subduction zone and modeling of
lithosphere plateau-mantle plume interaction in front
of a rolling back slab.
Figure 2 shows the model set-up (a) and model
results (b-d) of our 3-D numerical model. The model
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